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DOES SHIFT WORK LEAD TO CHANGE IN ENERGY INTAKE? 
A SYSTEMATIC REVIEW 
 
The high demand of services around-the-clock in today’s fast paced world has increased 
the number of people routinely engaged in shift work and has led to changes in work 
conditions. The pattern, quantity and variety of food which humans consume changes 
during the 24 hours of the day. Compared to day workers, shift workers seem to have 
more health problems. The aim of this review was to evaluate if change from day work to 
shift work affects energy intake, consumption of fruits and vegetables or sugar intake 
compared to workers who continue doing day work. 
Electronic searches of the MEDLINE (n=3897) and SCOPUS (n=1180), from the earliest 
record till 11
th
 of April 2014 yielded 5077 publications and two studies were obtained 
through references. After the removal of duplicates (n=216) a total number of 4863 studies 
were obtained. All the titles and abstract were screened by two review authors 
independently. Altogether 34 references were selected for full text reading and assessed by 
two authors individually. Out of these, those which did not fulfill our inclusion criteria or 
were not written in English were excluded. Only one study was found which was related 
to this review. Data extraction and risk of bias assessment was completed by two authors 
independently. To obtain additional data and clarification authors of eligible publications 
were contacted.   
Only one cohort study, which had measured the primary outcome, was included in this 
systematic review. In the included study, there was no significant difference in change in 
energy intake between those who stayed in day work and those who changed from day to 
shift work.  
Based on the one small cohort study, there is no evidence which shows that there is a 
change in energy intake when people change from day to shift work.    
Due to lack of data, there is a need of high quality cohort studies which clearly instate the 
change in energy intake among shift workers who change their work schedule from day 
time work to shift work as compared to stable day workers. 
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1. INTRODUCTION 
 
The number of the population routinely busy in shift work has increased due to demand of 
services around-the-clock and change in work conditions (Zhao et al. 2012). Shift work is 
absolutely essential in various sectors where workers need to be flexible during their work 
for increasing the production and to meet the competitiveness. Present trend is towards 
round the clock services and these services are important in e.g. restaurants, hospitals, and 
petrol stations. This trend is also getting popular in convenience stores and other customer 
care sectors. Such a trend automatically interrupts the daily routine, physical activity 
schedule and eating behavior of the worker (Vuori 1998; Geliebter et al. 2000).  
 
In work organization the working time arrangement is an important issue as it links human 
capacities with the means of production. This in turn affects the growing economic 
competition between organizations and countries, due to a global work market, where 
there is an increasing and extensive exploitation of means of production (Costa 2010). 
During the last several decades, a rapid increase in numbers of shift workers have been 
seen globally (Sudo & Ohtsuka 2001). All workers are affected by shift working because 
shift working as an exposure applies to all occupations and it is estimated that only a 
quarter of European employees have fixed working hours (Harma & Kecklund 2010).  
 
Shift working refers to the a setup where a company tries to maximize the quality and 
quantity of production by utilizing working shifts of groups of workers so that the work 
cycle covers 24 hours of the day. Tolerance to shift work is a concept which involves the 
circadian rhythm adjustments and their effect on normal physiological functions of the 
body. Gastro intestinal problems, lethargy, anxiety, and sleep alterations are some of the 
main phenomenon that characterize shift work tolerance and shift work tolerance is 
assessed based on the intensity and presence of these types of medical complaints. A lower 
tolerance to shift work develops with increased period of time spent working in shifts 
especially in those people who have worked in shifts for 10 years or more (Natvik et al. 
2011). It has been reported that shift workers or night workers smoke more often (Biggi et 
al. 2008). Moreover, they also commonly experience frequent changes in the quality of 
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their diet and timing of their meals.  Shift work is associated with unhealthy dietary 
behaviors (Knutsson & Boggild 2000; Lowden et al. 2010).  
 
It has been observed that person sleeps better at night and performs better during the day 
(Achermann & Borbely 2011). Working in shifts, particularly during the night can change 
eating behavior due to various dimensions of physiological, cultural and social, factors 
(Gordon et al. 1986; Chiva 1997). In a study workers were given similar test meals in the 
morning as compared to the evening, it was reported that the obtained results of 
postprandial glucose, insulin response and circulating lipid level was different due to the 
change in timing of food (Ribeiro et al. 1998). Reduction in glucose tolerance decreases 
appetite during night work (Van Cauter et al. 1989; Waterhouse et al. 1997).  
 
Hence, a systematic review is needed to evaluate the change in energy intake among shift 
workers who change their work from day time to shift work as compared to stable day 
workers. The change in energy intake among shift workers should be followed for at least 
three months after the change in their work schedule.   
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2. THEORETICAL BACKGROUND  
 
2.1 Shift work  
 
Shift work can be defined as all “evening or night schedules, rotating shifts, split shifts, on 
call or casual shifts, 24 hour shifts, irregular schedules and other non-day schedule” (Vyas 
et al. 2012).  There are two sub categories of shift work system: One being the permanent 
shift system and the other being rotating shift system. Permanent shift system involving a 
fixed shift either morning, afternoon or night while the rotating shift system is one in 
which each worker changes his work shift weekly or biweekly, two or three times (Sudo & 
Ohtsuka 2001). Rotating shift work can be forward rotating (delaying schedule – morning, 
afternoon, night) and backward rotating (advancing schedule - nights-afternoons-
mornings) (van Amelsvoort et al. 2004).  
 
A study was carried out in Italy which has reported that between different shift work 
systems, alternating shift work system was more commonly used, but 18.8% of the 
workers do shift work that includes night work, with  a higher percentage of men (24%) 
and a smaller percentage of women (12%) working in those shifts (Costa 2003). Rotating 
shift work has been known to disturb sleeping patterns, eating habits and social life and 
digestive function in the long term (Knutsson et al. 1986). It has been observed that 
reduced sleep duration, maintenance difficulties, sleep onset and excessive sleepiness 
during work are the most common problems among night shift workers (Akerstedt 2003). 
Approximately 10% of night and rotating shift workers who were aged between 18 and 65 
have reported insomnia (Drake et al. 2004). 
 
During night shift work (21:00-06:00h) there is a change in the regular routine of sleep 
and food intake. Night shift workers sleep in the afternoon and early evening, and their 
time for breakfast is 20:00h, lunch 01:00h and dinner at 07:00h. Generally, due to family 
or social factors, this type of change in eating behavior is rare. There are many external 
and internal factors which might affect the food intake at night. External factors include 
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poor canteen services, inadequate places for sitting to enjoy a meal. In addition, internal 
factors include that workers do not feel hungry or they do not find the available foods 
palatable. During the night shift work, there is more intakes of small convenience meals 
and junk foods (Waterhouse et al. 2003b).  
 
Different studies have reported a direct association between shift work and the following 
complications, cardiovascular diseases (CVDs) (Biggi et al. 2008; Fujino et al. 2006; 
Scheer et al. 2009; Sookoian and Pirola 2009), lipid profile disorders (Ghiasvand et al. 
2006; Karlsson et al. 2001), weight gain (Di Milia & Mummery 2009; Gholami et al. 
2012; Zhao et al. 2011) and metabolic disorders (Biggi et al. 2008; Shea et al. 2005; Wolk 
& Somers 2007). 
 
2.2 Shift work and metabolic disorders 
 
2.2.1 Circadian rhythm changes 
 
The changes in circadian rhythms due to shift work can cause an imbalance in the 
homeostasis of the body. The enzymatic activity and gastrointestinal movements are 
rhythmic and are desynchronized from the meal timing of shift workers (Lennernas et al. 
1994). It has been observed that circadian rhythm have an effect on sleeping as well as 
feeding pattern. It also influences brain wave activity, hormone production, patterns of 
core body temperature and other biological activities (Gumenyuk et al. 2012). Meals 
timings can also produce changes in circadian rhythm due to their effect on metabolic and 
gastrointestinal systems of the body (Jorde & Burhol 1985). Neurological function is also 
potentially affected by the nocturnal eating pattern. These changes in food intake are 
known to have their effect on  mood, cognition and alertness (Dye et al. 2000). 
 
Eating at night and sleeping at day time is abnormal from a chronobiological point of 
view, causing disruption of the regulatory system and thereby affecting appetite as well as 
metabolism (Ribeiro et al. 1998) Similarly, a recent study showed that moderate sleep 
deprivation leads more energy intake from snacks with a slightly higher carbohydrate 
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content (Nedeltcheva et al. 2009). Shift workers also show higher incidence of sleep 
disturbances due to de-synchronization of the association between sleepiness, light–dark 
phase, and food intake. In shift workers due to disturbance in physiological rhythms there 
is prevalence of several health issues which negatively impacts on their health (Frost et al. 
2009). 
 
Humans continuously utilize energy at a rate which changes with their activity, ambient 
temperature and various other factors. In contrast eating occurs in multiple bouts and the 
size of the meals varies depending on the individual. To adapt to this vertebrates have 
developed a mechanism to store this excess energy to be used when needed. This flow of 
energy can be demonstrated in different animals in which there is a seasonal variation of 
storage and consumption of energy with increased storage during summers and autumn 
and increased consumption of fat stores during winter (Woods et al. 2000). 
  
From an energy perspective, the body is ingesting, using, and also storing energy 
diurnally. At night both catabolic and anabolic processes are working to mobilize 
endogenous energy storages for utilization during sleep and fasting. Thus both the 
processes are carried out in parallel during day and night. During night, the growth 
hormone (released during the first deep-sleep phase) and cortisol induces internal energy 
mobilization of blood glucose (i.e. stored glycogen in the liver releases the blood glucose 
and from amino acids there is gluconeogenesis). However blood glucose levels are lower 
at night just enough to provide energy for the functioning of central nervous system. This 
results in a resistance to glucose uptake in muscle during night. This has been suggested as 
a reason why glucose tolerance is impaired during night in shift workers (Van Cauter et al. 
1997; Strubbe & Woods 2004).   
 
From a psychosocial point of view, shift workers experience an imbalance between their 
regular routines including meal times and those of family and companions, further 
disrupting their dietary patterns. The extent to which eating behavior is also affected by 
shift work also depends on local cultural dietary norms (e.g. the number and timing of 
daily eating events and what is typically eaten at certain times). As well as the potentially 
negative physiological effects of nocturnal eating, shift workers eating behavior also 
12 
 
 
affects their neural functioning. Food absorption processes of the digestive system change 
as a function of: (i) time of the day [e.g. meal intake in evening reduces gastric pH more 
than morning consumption]; (ii) decreased satiety in the evening; (iii) greater nocturnal 
insulin resistance; and (iv) reduced responsiveness of pancreatic polypeptide and cortisol 
to meal ingestion during evening/night. This low responsiveness displays a lack of 
metabolic adaptation to night eating and might have health consequences for night 
workers (Lowden et al. 2010).  
 
2.2.2 Effect of shift work on metabolic disorders  
 
Shift work has been implicated with multiple health problems over the long term. 
Specifically there is a greater chance for developing nutritional and metabolic disorders 
like altered metabolism, insulin resistance, diabetes,  obesity, peptic ulcers, dyslipidemias, 
metabolic syndrome and gastrointestinal disorders (Zimberg et al. 2012; Lowden et al. 
2010). Some of these problems are associated with diet quality and irregular timing of 
food consumption (Lowden et al. 2010). Evidence has shown that  over a 4 to 5-year  
periods, in both male and female shift workers the risk of  the development of metabolic 
syndrome is more than day time workers (Zimberg et al. 2012). There are several other 
factors which can effect the metabolism of shift workers such as, disrupted circadian 
rhythms, sleep disturbance, psychosocial stress and  physical inactivity (Lowden et al. 
2010).  
 
 
Metabolic syndrome is a condition characterized by the clustering of risk factors 
connected with overweight that raise the risk of CVDs and type 2 diabetes (T2DM) 
(Davila et al. 2010). More recently, a prospective cohort study was done over a four year 
period found that in night shift workers there was more risk of developing metabolic 
syndrome as compared to day time workers (Pietroiusti et al. 2010).  
 
Body rhythm work in phases, such that the glucose metabolism in higher during the day 
and excess lipids are stored, while during the night body lipids are mobilized for energy 
generation which increased plasma lipid levels(Cella et al. 1995). Additionally as an 
evidence of association between disturbed circadian rhythms and metabolic health, it has 
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been found that low sleep duration and bad sleep quality is associated with obesity and 
metabolic health issues (Crispim et al. 2007; Knutson et al. 2007; Spiegel et al. 2009). A 
significant elevation in serum lipid levels, glucose, potassium and uric acid in the first 
week after night shift was explained by the changes in diet and life style factors among 
shift workers (Karlsson et al. 2001). At night time the hypothalamic feeding centers and 
rhythms of the gastrointestinal tract (GIT) activity occurs inappropriately (Waterhouse et 
al. 2003b). It has been reported that high sugar intake apart from providing extra calories 
can also cause dysregulation of appetite, dyslipidemia, metabolic syndrome and non-
alcoholic steatohepatitis (Lustig et al. 2012). 
 
2.2.3    Effect of shift work on obesity 
 
Obesity is a condition defined by an excessive accumulation of adipose tissue, and is 
quantified by a body mass index (BMI) higher than 30 kg/m². There are estimates that in 
the United States of America (USA) about one third of population is obese (Flegal et al. 
2010). According to World Health Organization (WHO) a person having a BMI in the 
range of 25-30 kg/m
2
 can be called as overweight (Orpana et al. 2009).  There is an 
elevation in the prevalence of obesity and overweight worldwide (Adams et al. 2006; Van 
Duijvenbode et al. 2009). The world’s population is suffering from negative health effects 
as a result of industrialization and computerization. One of these problems is a sedentary 
lifestyle, which contributes to overweight and obesity.  Within a few decades, obesity is 
predicted to overtake tobacco as the greatest health risk. Besides the well known risk 
factors such as poor diet and sedentary lifestyle, shift work has also been widely 
associated with weight gain (Marqueze et al. 2012).  
 
WHO has approximated that there are 1.6 billion overweight adults and 400 million 
people in the world are obese. And it has been projected by them that the number of 
overweight adults will be 2.3 billion by 2015, and the number of obese adults will reach 
700 million (Van Duijvenbode et al. 2009). Increased BMI also increases risk of multiple 
chronic diseases such as heart diseases, which cause about 17 million deaths annually; and 
diabetes mellitus which has turned into a worldwide epidemic and which will escalate by 
50% in the next decade (WHO 2000). Obesity is a multifactorial syndrome (involving 
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genetic, neuroendocrine, cultural and environmental) factors. The pathophysiology 
involves disorders of energy balance due to de-synchronization in which temporal 
organization may play a key biological role (Ekmekcioglu & Touitou 2011).   
 
Several cohort studies have reported that in shift workers there is an increased risk of 
obesity or weight gain ( Niedhammer et al. 1996; Watari et al. 2006; Morikawa et al. 
2007; Mohebbi et al. 2012)). Furthermore, night work is related to social as well as 
environmental factors related to greater risk for obesity. This is partly mediated by 
opportunity to consume more calories.  Also there is dearth of healthful foods at night 
(Stewart & Wahlqvist 1985; Waterhouse et al. 2003a). However, it should be remembered 
that obesity is only one risk factor for cardiovascular pathologies among many others that 
are more commonly encountered among shift workers (e.g. smoking, lower SES) (Frost et 
al. 2009). 
 
Higher prevalence of overweight and abdominal or central obesity was observed in night 
workers compared to day shift workers (Macagnan et al. 2012). Body weight increases 
leads to multiple pathological outcomes which include lipid metabolism disturbances, 
cardiovascular diseases, obesity, insulin resistance, and metabolic disorders. Multiple 
factors might be involved in weight gain in shift workers which includes genetic factors, 
glucose and lipid regulation, heat generation mechanisms due to a nocturnal eating and 
altered leptin and ghrelin levels (Antunes et al. 2010).  
 
Body weight is regulated by the balance between intake of foods and utilization of energy 
(Leibel et al. 1995). Additionally the Third National Health and Nutrition Examination 
Survey (NHANES III) demonstrated that consumption of a high carbohydrate breakfast 
results in  a lower BMI, compared to a consumption of a high protein breakfast or when 
people skip breakfast (Cho et al. 2003); even though conventionally increased 
carbohydrate intake has been linked with increased BMI. For instance, in Korean men 
study (Lee et al. 2011)  the main outcome for the noodle-bread dietary pattern was a 
higher risk of abdominal obesity and hypercholesterolemia. Also in the same study fast 
foods, like hamburgers and pizza, which are energy dense but less nutritious, can increase 
the risk of obesity. 
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2.2.4 Effect of shift work on cardiovascular diseases 
 
The physiological functions and circadian rhythms of the human body are affected by shift 
work, especially those linked with the circulatory system, like heart rate, blood pressure, 
the discharge of hormones including catecholamines (Fujino et al. 2006). An increased 
risk of CVDs has been found in shift workers (Knutsson et al.1986; Kawachi et al.1995; 
Knutsson et al. 2004).  Studies have confirmed that serum level of triglyceride was 
considerably higher among shift workers as compared to day workers (Biggi et al. 2008; 
Ruidavets et al. 1998). A study was carried out in Finland, found that working conditions 
are essential source of health discrimination in various types of occupations (Virtanen & 
Notkola 2002). There are some factors which are associated to greater CVD fatality rates 
like alcohol intake, lack of exercise, smoking, diet containing high amounts of fat and high 
sodium intake. It has been described that shift workers have more cardiovascular diseases 
as compared to day workers (Karlsson et al. 2005).   
 
It has been reported that CVDs including ischemic heart disease (IHD), are the main cause 
of mortality and influences as many women as men in developed countries (Allesoe et al. 
2010). According to a prospective study in the USA, in workers who worked for 67 or 
more per week  the standardized mortality ratio of CHD was higher (Buell & Breslow 
1960). Recent studies have estimated that shift work was the major source of IHD among 
workers. It was observed that deaths due to IHD were 10.7 % and 5.5% among male and 
female shift workers respectively (Nurminen & Karjalainen 2001). Several studies have 
reported that serum cholesterol concentration was greater in shift workers than in regular 
day time workers (Biggi et al. 2008; Dochi et al.Dochi et al. 2009; Lennernas et al. 1994) 
In shift workers risk for CVDs was 40% higher than regular day time workers (Boggild et 
al. 1999). 
 
The rotating shift work was linked with a higher risk of deaths due to IHD (Fujino et al. 
2006). In a large population based study, it has been observed that those who did not 
report insomnia symptoms had less risk of acute myocardial infarction (AMI) as compared 
to those workers who had problem in sleeping almost every night or difficulty to maintain 
sleep almost every night (Laugsand et al. 2011).  
 
16 
 
 
2.3 Patterns of food intake  
 
 2.3.1 Effect of shift work on energy intake 
 
Shift workers have a habit of consumption of more snacks during their work in the 
rotational morning, evening and night shifts, resulting more chances to gain weight and 
approximately 20% of their daily energy intake was obtained from junk foods (Romon et 
al. 1993a). In a cross sectional study gastric problems have also been linked to frequent 
snacking (Karlsson et al. 2001).  It has been reported that there was a change in food 
intake during menstrual cycle. In most of the women there was a higher intake of energy 
during the luteal phase (Barr 1995). Changes in food consumption associated with 
maintenance of energy balance are typically expressed over the long term. Because 
chemosensory or gastrointestinal signs function in the short term, the connection between 
energy stores and consumptions and energy intake is probably focused around metabolic 
indicators for control of eating behavior (Friedman 1995).  
 
Eating habits of shift worker are altered because of temporal reorganization of meal 
consumption. Most of the studies did not find any change in total energy intake and 
dietary nutrient contents between day and shift workers. Studies have demonstrated that 
food consumption is redistributed in shift workers such that they consume multiple 
amounts of small meals everyday as compared to day time workers who consume larger 
regular meals (de Assis et al. 2003b; Lennernas et al. 1995; Reinberg et al. 1979; Sudo and 
Ohtsuka 2001).    
 
Sleep quality is a possible mechanism that affects eating behavior among shift workers 
(Lee 1992; Akerstedt 2003). During 24 hours of day, the pattern, quantity and variety of 
food which humans consume changes (Waterhouse et al. 1997). The main eating times of 
the day are breakfast in the morning, lunch in the afternoon and dinner in the evening. 
Snacks are consumed in a small amount and at a different time than recognized meal times 
(Gatenby 1997). From a chronobiological perspective, the human species is diurnal (i.e. 
active during the day), so that the night workers tend to have a decreased appetite during 
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the night. From a sociological aspect, a meal is regarded as a ritual and recognized by the 
individual as something more than “fuel” however, from a biological point of view, a meal 
is composed of biochemical compounds (Lowden et al. 2010).  
 
Meal quality as well as quantity eaten up by shift workers can affect their health. Time and 
number of eaten meals rely on cultural as well as social factors (Strzemecka et al. 2014). 
Due to problems in the adjustment to social life and internal circadian rhythm it has been 
described that there is a development in loss of appetite among workers who work for 
irregular hours. It has been observed that when individual eat with others there is an 
increase in the total energy and nutrient intake; yet, shift workers have less chances to eat 
with their families and companions (Morikawa et al. 2008). A literature review on nurses 
eating habits in Hong Kong showed that the percentage of nurses who reported their 
behaviors of avoiding fat containing foods was only 52%. However, 56% avoided foods 
were containing high cholesterol content (Callaghan et al. 1997).  
 
Lower intake of fruits and vegetables has been implicated in occurrence of multiple 
chronic disorders including CVDs and diabetes mellitus. It also adds a possibility of 
reducing or mitigating the effects of these conditions by increased consumption of fruits 
and vegetables or supplementation of their constituent nutrients like vitamins, folate, 
potassium and fiber (Bandoni et al. 2011). Dietary fruit and vegetable intake can play an 
important role in disease prevention. The 2010 Dietary Guidelines for Americans 
recommend that adults should eat 3½ to 6½ cups of fruits and vegetables respectively 
every day. Higher dietary intake of fruits and vegetables is linked with a decreased risk of 
CVDs, stroke, certain types of tumor, and T2DM, and also improved weight management 
(Backman et al. 2011).  
 
It has been reported that if adequate portions of fruits and vegetables have not been 
consumed by persons they have higher risk of chronic diseases and other health problems 
(Bazzano et al. 2002).  An established “healthy eating” message is intake of at least five 
portions (400 g) of fruit and vegetables per day (Cox et al. 1997). For the promotion of 
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consumption of fruits and vegetables worksites have been considered a center of attention 
(Sorensen et al. 2004). 
 
2.3.2 Effect of shift work on food choices 
 
Shift workers eat more incomplete meals as compared to complete meals, and they are less 
likely to eat fruit and vegetables, and are more depending on sandwich type meals 
(Lennernas and Andersson 1999). It has been observed that sweet and junk foods were 
easier options for nurses during their night shift work (Persson and Martensson 2006). It 
was observed that there was higher intake of carbohydrate among morning shift workers 
as compared to afternoon and night shift workers. However, the major source for energy 
intake among afternoon shift workers was from proteins and fats. In contrast, among night 
shift workers more energy intake was from carbohydrates and fats. Also it was observed 
that there was more use of drinks among night workers (de Assis et al. 2003).  
 
A large part of the adult population spend approximately a third of their day in the 
workplace so that it is considered to be strategically important. This means that workers 
eat at least one main meal in their workplace (Franco Ada et al. 2013). There are various 
factors like food supply and availability, hunger, satiety, social habits and convenience 
that affect eating schedules. As a result, there is a disturbance in normal eating patterns 
due to shift work which causes the alteration in food intake and there is an impact on 
overall health (Reeves et al. 2004). Work related stress is related with intake of more sugar 
and foods containing higher amount of fat (O'Connor et al. 2008).  Due to changes in food 
intake patterns, there is more consumption of stimulants such as caffeine, nicotine and 
other drugs among shift workers as compared to day workers; this contributes in the 
development of gastric problems or other illnesses.  It has also been reported that night 
workers on their days off consume an increased amount of alcohol, frequently with the 
mistaken belief that this will help in sleep (Karlsson et al. 2001, Reeves et al. 2004).  
 
There is a regular and considerable change in food intake patterns and the consumption of 
the macronutrients in humans. Mornings are linked with high intake of carbohydrates, 
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afternoon with high consumption of protein, and in the evening's consumption of foods 
containing more amount of fat (de Castro 1999). It is reported that the intake of foods 
containing high fat in the evening and through the night, are not just an outcome of taste 
preferences but also a reflection on availability of food (de Castro 1999). For instance, it 
has been reported that the majority of the foods variety consumed at night were “fast 
food”, simply because of these being the type of food establishments that remained open 
late night (Meiselman et al. 2000). 
 
 2.3.3 Role of diet in body weight increase 
 
Altered eating habits or disturbed sleep patterns can cause a higher prevalence of 
metabolic disruptions which include dyslipidemia, insulin resistance and glucose 
intolerance (Crispim et al. 2007). In an experimental study to assess the expenditure of 
energy in non-obese young men, nine subjects were selected randomly and meals were 
provided to them in one of the three sessions, either 09:00, 17:00 or 01:00 (Romon et al. 
1993b). Similar food was provided to all participants and indirect calorimetry was 
conducted one hour prior to and 6 hours after the meal. Meals showed a different energy 
expenditure depending upon the time at which they were consumed. Thermogenesis was 
higher when the meals were consumed in the morning as compared to the meals that were 
consumed at afternoon or at night. Therefore the thermogenic response to a food 
consumed may vary depending upon the time of consumption (Romon et al. 1993b). This 
fact is related to overweight and obesity incidence among shift workers since they show a 
de-synchronization in fat consumption during regular timing and as a result higher amount 
of fat lipid is absorbed through meals consumed at night (Crispim et al. 2007). 
 
 
There are several mechanisms by which weight gain among shift workers has been 
explained, including alteration in caloric intake, the daily distribution of food 
consumption, dietary habits (like eating fewer meals and more snacks), sleeping habits and 
physical exercise (Crispim et al. 2011). Over a course of 24 hours, people who eat late in 
the evening consume more calories than people who eat earlier during the day. An 
evaluation of 24 hour period cumulative intake demonstrated that by the dinner time 
calorie consumption of people who ate late in the evenings matched or was higher than the 
20 
 
 
calorie consumption of people who ate during the day (Saraiya et al. 2004). Late sleepers 
had a higher caloric intake which extended into the late hours of the night even after 23:00 
as compared to people who ate earlier whose caloric intake plateaued at about 21:00. The 
reason was that late sleepers woke up later during the day and due to this not consuming 
anything during breakfast while overeating later during the day. Also the food choices of 
late sleeper were poor as compared to those of normal sleepers. Overall late sleepers 
consumed half the amount of fruits and vegetables, double the amount of fast food and 
twice the amount of energy drinks and sodas when compared with normal sleepers 
(Saraiya et al. 2004).  
 
In developed countries, there has been an increase in the number of meals in a day and on 
the other hand, there has been reduction in the number of cooked meals due to increased 
availability of fast foods (Zizza et al. 2001). It seems that continuous intake of small meals 
during whole day is a practical strategy, that gives the option of enhanced energy intake 
and decreases the GIT problems of irregular large meals (Hawley & Burke 1997). During 
rotating shift work shorter sleep and more consumption of sugar sweetened beverages was 
observed, as a result there was an increase in BMI among shift workers (Tada et al. 2014). 
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3. IMPORTANCE OF THIS SYSTEMATIC REVIEW 
 
The only systematic review we found through our search strategy was by Amani & Gill in 
2013. The authors have compared BMI and prevalence of obesity and frequency of meal 
intake between shift workers and day workers but they did not find change in energy 
intake among shift workers who changed their work from day time work to shift work. 
The findings of the currently available systematic review show that most of the included 
cross sectional studies reported increased prevalence of weight gain among shift workers 
as compared to those of day workers. Furthermore, majority of the included cohort studies 
showed higher meal consumption frequency among shift workers as compared to day 
workers.  
 
However, no systematic review was found which would have evaluated the change in 
energy intake among shift workers who change their work schedule from day time work to 
shift work. The primary aim of this systematic review was to estimate the change in 
energy intake among shift workers who change their work schedule from day time work to 
shift work. The plan was to measure the changes in energy intake before and after the shift 
change and compare the change in energy intake to controls who did not change work 
shifts. The secondary outcomes of this review were to find out the changes in fruit, 
vegetables and sugar consumption among those shift workers who change their work 
schedule from day time work to shift work.  
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4.   AIM OF THESIS 
 
The aim of the thesis was to evaluate if a change from day work to shift work affects 
energy intake, consumption of fruits and vegetables or sugar intake compared to those 
workers who continue stable day work. 
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5.  METHODS 
 
5.1 Criteria for included studies  
 
The plan was to include all types of studies into this review  that have measured the 
outcome at least once before the change and at least once after the change into shift work 
with a follow-up of at least three months after the change.  It was planned to include those 
participants who were 18 and above 18 years old. The exposure was defined as the change 
from day time to shift work in which the change in energy intake of shift workers would 
be observed. It was planned to compare the changes in outcome among those workers who 
changed their work schedule from day time work to shift work. 
 
5.2 Types of outcome measures 
 
Plan was to measure the change in energy intake among shift workers who changed their 
work schedule from day time to shift work as a primary outcome for this review. The aim 
was to estimate the effect of the change to shift work as the mean difference in energy 
intake before and after the change. The availability of a control group was considered for 
the measurement of the effect as the difference of changes in energy intake between day-
night shift-change group and the control group. 
 
The consumption of fruits, vegetables and intake of sugar were considered as secondary 
outcomes. Also it was planned to measure the effect of change in the intake of fruits, 
vegetables and sugar in a similar way as the primary outcome was measured. 
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5.3 Types of confounders 
 
The plan was to include age, gender, occupation, educational level, job strain and 
socioeconomic status (SES) as confounders. Occupation, educational level or SES could 
be drivers for change and thus indirectly responsible for changes in dietary factors. There 
is a decrease in energy need among old age people (Brownie & Coutts 2013). The energy 
and nutrient intake depends on the type of work. This is applicable to both of the sexes 
(Gan et al. 2011). 
Additionally, in case of occupation the nutrient intake depends on type of work, like in 
white collar shift workers it is reported that there is more intake of fiber, sodium, and total 
saturated, and polyunsaturated fats as compared to blue collar workers (Kachan et al. 
2012). Highly educated people tend to be in day work exception being nurses and highly 
educated people have healthier dietary pattern as compared to less educated people (Wall 
et al. 2014). Due to job strain the nutrient intake is different in males and females 
(Kawakami et al. 2006). People with high SES or living in urban areas follow 
healthier dietary patterns as compared to low and middle income people (Mayen et al. 
2014). 
 
5.4 Search methods for identification of studies 
 
All published studies were searched through MEDLINE (Pub Med) and SCOPUS up to 
the 11
th 
of April 2014. The search strategy was based on concepts of type of study design, 
types of participants, type of work and outcomes related to energy intake; intake of fruits, 
vegetables, sugar and studies published in English with full text available for review. The 
reference lists of systematic reviews, related studies and included study were checked. 
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5.5 Data collection and analysis 
 
5.5.1 Selection of studies 
 
All the titles and abstracts of studies which were found in our literature search to identify 
studies for inclusion were screened by two review authors (SK and NS) independently. 
Two review authors (SK and NS) individually assessed full text studies to identify those 
for the inclusion into the review. The duplicate studies were removed after the comparison 
between search results i.e. Pub Med and Scopus. Furthermore, PRISMA flow diagram was 
drawn (Appendix 2), which shows the search results.  All the disagreements were resolved 
by consensus or by involving a third author (CP). 
 
5.5.2 Data extraction and management 
 
Data collection was based on study characteristics and outcome data. The following study 
characteristics were extracted. 
 Participants: number of participants, age range, gender, inclusion and exclusion 
criteria, occupation, number of withdrawals; at baseline similarity of study groups 
in gender, age and occupation. 
 Exposure: description of exposure methods, duration of follow-up and explanation 
of comparisons in exposure group and non-exposure group. 
 Outcomes: It was based on the explanation of primary and secondary outcomes 
and their measurement methods. 
 
Two review authors (SK and NS) independently extracted outcome data from the included 
study. The information about it is given in the table on “Characteristics of included 
studies” (Appendix 3). All the disagreements were resolved by consensus with a third 
author (CP).  
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5.5.3 Assessment of risk of bias in included study 
 
Assessment of risk of bias for the included study was done by two review authors (SK and 
NS) independently. Any disagreements were resolved by discussion with another author 
(CP). The risk of bias was assessed for the measurement and finding of the domains 
exposure, confounders and outcomes. Each potential source of bias was graded as lower, 
higher, medium or unclear. In addition, a justification for judgment a quote was provided 
from the study if needed.  
 
5.5.4 Unit of analysis issues 
 
In the included study there was no change in outcome and the unit of analysis issue was at 
the same level as the exposure level.   
 
5.5.5 Dealing with missing data 
 
For the obtaining of missing numerical data the researchers or study sponsors were 
contacted in order to verify key study characteristics, where possible (e.g. when a study 
was found as an abstract and missing data in study). The missing information was thought 
to introduce serious bias. 
 
5.5.6 Assessment of heterogeneity and reporting bias 
 
In this systematic review there was only one included cohort study so it was not possible 
to assess heterogeneity. Also the statistical assessment of potential publication bias could 
not be done.  
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5.5.7 Data synthesis 
 
The search results yielded only one study so that there was no need of any data synthesis. 
 
5.5.8 Sensitivity analysis 
 
Only one study was found through search so that it was not possible to do sensitivity 
analysis. 
 
5.5.9 Reaching conclusions 
 
The conclusions were based only on findings from the search of included study for this 
review. The implications for research suggested future research priorities and outline what 
the remaining uncertainties were needed for this field. 
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6.  RESULTS 
 
6.1 Results of the search 
 
Search was based on the concepts ‘Nutrition or Food or Energy Intake' and 'Shift Work' 
with a combination of AND/OR between terms (Appendix 1). A search strategy was 
developed, the electronic searches in MEDLINE (n=3897), SCOPUS (n=1180), and 
through references (n=2) resulted a total number of 4863 references following the removal 
of duplicates (n=216). Altogether 34 references were selected for full text reading. Out of 
these, those which did not fulfill our inclusion criteria were excluded as shown in the 
Appendix 2. Also non-English studies were excluded from this systematic review. The 
authors were contacted for the missing data in case the article did not provide enough 
information.  
6.2 Included study 
 
Only one cohort study was included in this systematic review (van Amelsvoort et al. 
2004). In the included study, change in energy intake was compared among stable day 
workers and those shift workers who changed their work schedule from stable day work to 
shift work at baseline and after follow-up of 1 year period.  
 
6.2.1 Participants 
 
The sub-group of workers who changed their work from day time to shift work was 
selected as population for this systematic review. The selected population group for this 
review was very small in number i.e. 32 and the age of all participants was between 18-55 
years. However, no information was given about the time period that when did they 
change work schedule and follow-up period for the selected group of participants. 
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6.2.2 Effect of the exposure 
  
The exposure was change in work from day time to shift work. Day workers were 
considered as a control group. Shift work negatively impacts on the health of employees 
and it can cause GIT disorders, obesity, diabetes and CVDs etc. 
 
6.2.3 Outcomes  
 
In the included cohort study 105 daytime workers and 159 shift workers were selected and 
they were monitored at baseline and followed up for a period of one year. However, 32 
participants changed their work schedule from day time work to shift work and these 
participants were selected as population for this review. As it can be seen from the table 1, 
according to authors of the included study at baseline and after follow-up of one year 
period there were no significant differences in the change overtime in variables such as 
energy intake, energy from fat, alcohol intake and cholesterol intake between day workers 
and those who changed their work from day time to shift work. 
 
In addition, numerical data was not reported for these variables in the included study. 
However, there was a significant difference in the change in BMI (-0.36kg/m
2 
in those 
who changed to shift work and +0.13 in those who stayed in day work). Also there was a 
significant difference in the change in cigarette smoking (+2.54 per day in those who 
changed to shift work and -1.03 per day who continued day work).  These results show 
that there was a significant decrease in BMI and a significant increase in cigarette smoking 
in those who changed their work from day time to shift work compared to those who 
worked in day time only. 
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Table 1. Difference in change values (baseline to follow-up) between stable day workers 
(N=105) and day workers that changed to shift work (N=32). 
 
Variable                        Day workers who                  Day workers who            P value 
                                       stayed in day work               changed from day           between                   
                                       (n=105)                                  work to shift work           groups 
                                                                                       (n=32) 
Energy intake              Authors state no significant difference between                  NR* 
change                         the groups 
 
Energy from               Authors state no significant difference between                    NR      
fat change                    the groups 
 
Alcohol intake          Authors state no significant difference between                      NR 
change                       the groups 
 
Cholesterol intake     Authors state no significant difference between                      NR 
change                        the groups 
 
BMI (kg/m
2
)                  +0.13                                               -0.36                            0.05 
change 
 
Cigarettes smoked         -1.03                                                +2.54                            0.02 
per day change 
NR
*
= Not Reported 
Furthermore, Table 2 shows that, 34 participants changed their work schedule to stable 
day work from shift work. According to the statement of authors at baseline and after one 
year follow-up there were no significant differences in the changes in variables like energy 
intake, energy from fat, alcohol intake and cholesterol intake between stable shift workers 
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and those who changed their work schedule from shift work to stable day work. 
Additionally, data was not reported numerically for these variables.  
 
However, there was a significant difference in the change in physical activity (-0.40 in day 
workers who previously working in shift and -0.09 in persistent shift workers). Similarly 
there was a significant difference in the change in cigarette smoking (-1.17 per day in day 
workers who changed from shift work and +1.42 for those who stayed in shift work). Also 
there was a significant difference in the change in waist-to-hip ratio (+0.0051 for day 
workers who changed from shift work and -0.009 for those who remained in shift work). 
These figures indicate significant decrease in physical activity and increase in waist-to-hip 
ratio in day workers who moved from shift work compared to those who continued shift 
work. There was an insignificant decrease in cigarette smoking in day workers who 
switched from shift work compared to persistent shift workers.  
 
Table 2. Difference in change values (baseline to follow-up) between stable shift workers 
(N=159) and shift workers that changed to day work (N=34) 
 
Variable                       Shift workers who            Shift workers who             P value 
                                      stayed in shift work         changed from shift            between  
                                      (n=159)                              work to day work              groups 
                                                                                    (n=34) 
Energy intake           Authors state no significant difference between                 NR* 
change                      the groups 
 
Energy from             Authors state no significant difference between                 NR      
fat change                 the groups 
 
Alcohol intake            Authors state no significant difference between               NR 
change                        the groups 
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Cholesterol intake      Authors state no significant difference between               NR 
change                        the groups 
 
Physical activity             -0.09                                             -0.40                        0.04 
Change 
 
Cigarettes smoked        +1.42                                              -1.17                        0.1 
per day change 
 
Waist-hip-ratio              -0.009                                         +0.0051                     0.04 
change       
NR
*
= Not Reported 
 
Additionally, in the included study authors have not reported that at what time the selected 
group of participants changed their work schedule from day time to shift work. Also 
authors have not reported about the numerical data for primary outcomes for those who 
changed their work schedule and those who continued their work. One year is a long time 
period for follow-up and it is possible that there was no change in energy intake as told by 
the included study authors. Before the follow up measurement, there could have been 
transient changes. However, the long term, stable situation is more important. Also the 
selected sample size for this review was very small to find out the possible changes in 
primary outcomes. 
However, secondary outcomes were not mentioned by the included study. 
 
6.3 Excluded studies 
 
Of the 34 studies assessed in full text, 33 were excluded with reasons (Appendix 4). 
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6.4 Risk of bias in included study 
 
Risk of bias was assessed on the basis of three main domains i.e. exposure, outcomes and 
confounders. In addition, a table which tells about the risk of bias assessment of above 
three domains is presented (Appendix 6). 
Exposure: A sub-group of 32 participants changed their work from day time to shift 
work. However, it was not explained that when these participants changed their work 
schedule and for how long they were followed. So, exposure was at higher risk of bias 
because there was only information available on participant group but the timing of 
change in work schedule and follow-up period for selected population was not specified. 
Outcome: In the included study a self- administered food frequency questionnaire was 
used for energy intake. It has been observed that FFQs are a suitable method for dietary 
assessment (Collins et al. 2014; Fallaize et al. 2014). However, there is a chance of recall 
bias as well as under or over reporting of nutrient intake by respondents in FFQs (Kristal 
et al. 2014). So, it is inferred that outcome was at medium risk of bias. 
Confounders: Age, gender, education level, job strain, occupation and SES were 
considered as confounders for this review. However, physical activity was measured in the 
included study but it was not included as a confounder in the analysis. The study did not 
include all pre-defined confounders such as, occupation and SES. So that confounders 
were also found to be at higher risk of bias. 
 
Overall, the included study was marked to be at high risk of bias.  
 
6.5 Type of confounders 
 
In the included study age, gender, education level and job strain were considered as 
confounders. It was unclear that whether they considered these confounders for selected 
group of participants or not, although the confounders were considered for the total 
population.  
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7.  DISCUSSION 
 
7.1 Overall completeness and applicability of evidence 
 
There was only one study included in this review. The included study was carried out in 
the Netherlands; very small population was selected for this systematic review which 
gives insufficient evidence. Because of insufficient evidence we can say that included 
study may not be applicable in any part of the world. 
 
7.2 Quality of evidence 
 
A cohort study was included in this review which was at high risk of bias. Risk of bias 
was assessed for three domains i.e. exposure, outcomes and confounders. The change in 
energy intake among workers was measured at the baseline and after the follow-up of one 
year period. We rated the overall quality of the evidence as low. 
 
7.3 Potential biases in the review process  
 
Articles in languages other than English were excluded. Therefore, only one article was 
found, it is inferred that some articles might have been missed that are relevant to the topic 
of this systematic review but were not in English language. All selection and data 
extraction processes were carried out in duplication form and by involving a third author if 
there was no consensus. Only one study was found which explains about the primary 
outcomes.  
 
7.4 Agreements and disagreements with other studies or reviews 
 
There was only one systematic review “Shift working, nutrition and obesity: implications 
for workforce health- a systematic review” by Amani & Gill 2013. The authors have 
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compared BMI and prevalence of obesity and frequency of meal intake between shift 
workers and day workers but they did not find change in energy intake among shift 
workers who change their work from day time. The results of the review showed that most 
of the included cross-sectional studies reported higher prevalence of weight gain among 
shift workers as compared to day workers. In addition, majority of the included cohort 
studies displayed a greater frequency of meal intake among shift workers as compared to 
day workers. Thus, shift work has negative effects on nutritional status and health of 
workforces.  
 
Therefore, there is a need to produce cohort studies which show the change in outcome. A 
formal risk of bias assessment was performed for the included study and conclusions 
drawn which was not done in the previous review. The quality of the study was considered 
extremely important, especially in outcome assessment. 
 
7.5 Implications for research  
 
There is a need of more research which will focus on those types of cohort studies which 
will measure the change in energy intake among specific groups who change their work 
schedule from day time work to shift work as compared to those who continue their stable 
day work. It is necessary to select a large sample of participants which are followed for a 
specific time period which can show the change in their energy intake. Furthermore, there 
were no reports on secondary outcomes and that type of data would be important to know 
if shift work affects the quality of diet. 
 
 
7.6 Implications for practice 
 
On the basis of dietary guidelines it is very important that shift workers should be 
provided a good environment and healthy food during their work time. Also it is necessary 
to consider the food timing when assessing the effect of shift work on energy intake.   
 
 
36 
 
 
8. CONCLUSION 
 
Based on one included small cohort study and statement by authors of the same,  there was 
no difference in change in energy intake between workers who stayed in day time work 
and workers who changed from day time to shift work. BMI decreased more in those 
workers who changed their work from day to shift work than in those who stayed in day 
work. 
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APPENDICES 
 
Appendix 1: Pub Med advanced search 
 
((evening OR night OR extended OR rotat* OR irregular OR fixed OR roster) AND 
(shift OR shifts)) OR "extended shifts"[tw] OR "extended work shifts"[tw] 
 ((shift* OR night OR rotat*) AND Work [tiab]) OR "shift work" OR shiftwork [tw] 
OR shiftwork's [tw] OR shiftworker [tw] OR shiftworker's [tw] OR shiftworkers 
[tw] OR shiftworkers' [tw] OR shiftworking [tw] OR shiftworks [tw] OR shift roster 
[tw] 
"Work Schedule Tolerance"[Mesh] OR "Personnel Staffing and Scheduling"[Mesh] 
OR "Circadian Rhythm"[Mesh] OR "Sleep Disorders, Circadian Rhythm"[Mesh] 
OR "Biological Clocks"[Mesh] 
 Diet* OR energy* OR calor* OR "energy intake"[Mesh] OR "eating" [Mesh] OR 
eat* 
"Fruits"[Mesh] OR "vegetables"[Mesh] OR "sugar"[Mesh] OR sucrose OR 
"dietary sucrose" [Mesh] human [mh] 
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#10  Add Search (#8 AND #9) 3897  07:23:21 
#9 Add Search human[mh] 13075309  07:22:49 
#8 Add Search (#4 AND #7) 9891  07:22:07 
#7 Add Search (#5 OR #6) 1120753  07:20:34 
#6 Add Search "Fruits"[Mesh]OR "vegetables"[Mesh]OR "sugar"[Mesh] 
OR sucrose OR "dietary sucrose" [Mesh] 
144596  04:36:23 
#5 Add Search Diet* OR energy* OR calor* OR "energy intake"[Mesh]OR 
"eating" [Mesh] OR eat* 
1007930  04:35:53 
#4 Add Search (#1 OR #2 OR #3) 116033  04:35:26 
#3 Add Search "Work Schedule Tolerance"[Mesh] OR "Personnel Staffing 
and Scheduling"[Mesh] OR "Circadian Rhythm"[Mesh] OR "Sleep 
Disorders, Circadian Rhythm"[Mesh] OR "Biological 
Clocks"[Mesh] 
84114  04:34:46 
#2 Add Search ((shift* OR night OR rotat*) AND Work[tiab]) OR "shift 
work" OR shiftwork[tw] OR shiftwork's[tw] OR shiftworker[tw] OR 
shiftworker's[tw] OR shiftworkers[tw] OR shiftworkers'[tw] OR 
shiftworking[tw] OR shiftworks[tw]OR shift roster[tw] 
23978  04:34:22 
#1 Add Search ((evening OR night OR extended OR rotat* OR irregular OR 
fixed OR roster) AND (shift OR shifts)) OR "extended shifts"[tw] 
OR "extended work shifts"[tw] 
15047  04:34:01 
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Appendix 2: PRISMA flow chart 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Studies identified through 
Medline Search (N=3897) 
Studies identified through Scopus 
(N=1180) 
 
Studies identified through 
references (N=2) 
 
Studies excluded with 
reasons (N=33) 
 
Duplicates removed 
 (N=216) 
Studies Excluded (N= 4802) 
 
 
 
 
Search Results with 
duplicates (N=5079) 
Full text articles assessment 
(N=34) 
Title/abstract assessment 
(N=4863) 
Topic related title/abstract 
assessment (N= 61) 
Included study (N=1) 
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Appendix 3: Characteristics of included study 
Study Participants Exposure Outcome Confounders 
Van 
Amelsvoort         
et al. 2004 
A sub-group of 32 
participants were 
selected who were 
18-55 years old. 
 
Change to 
shift work 
from day 
time work. 
No change in energy 
intake among shift 
workers who change 
their work from day 
time as compared to 
stable day workers 
who continue their 
work. 
Secondary outcomes 
were not explained. 
Educational level 
age, gender and 
job strain. 
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Appendix 4: Reasons for exclusion of the studies 
 
S. No. Author(s) Year 
of 
study 
Title of Study Reason for exclusion 
01 Atkinson   et al  2008 Extended work shifts and the 
risk of motor vehicle crashes 
among interns 
Exposure was not well 
defined 
02 Barbadoro et al 2013 Rotating Shift-Work as an 
Independent Risk Factor for 
Overweight Italian Workers: 
A Cross-Sectional Study 
Exposure was not well 
defined 
03 Baron et al 2011 Role of Sleep Timing in 
Caloric Intake and BMI 
Exposure was not well 
defined 
04 Biggi et al 2008 Metabolic syndrome in 
permanent night workers 
Exposure was not well 
defined 
05 Buss  2012 Associations Between 
Obesity and Stress and Shift 
Work Among Nurses 
Exposure was not well 
defined 
06 Canuto  et al  2013 Sleep deprivation and obesity 
in shift workers in southern 
Brazil 
Exposure was not well 
defined 
07 Devine  2009 Work Conditions and the 
Food Choice Coping 
Strategies of 
Employed Parents 
Exposure was not well 
defined 
08 de Assis et al 2003 Meals, snacks and food 
choices in Brazilian shift 
workers with high energy 
expenditure 
Exposure was not well 
defined 
09 de Assis et al 2003 Food intake and circadian 
rhythms in shift workers 
with a high workload 
Exposure was not well 
defined 
10 Lorenzo et al 2003 Effect of shift work on body 
mass index: results of a 
study performed in 319 
glucose-tolerant men working 
in a Southern Italian industry 
Exposure was not well 
defined 
11 Dochi   et al  2009 Shift work is a risk factor for 
increased total cholesterol 
level: a 14-year prospective 
cohort study 
in 6886 male workers 
Exposure was not well 
defined 
12 Escoto  et al  2010 Work hours, weight status, 
and weight-related behaviors: 
a study of metro transit 
workers 
Exposure was not well 
defined 
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13 Flannery et al 2011 Physical Activity and Diet-
Focused Worksite Health 
Promotion for Direct Care 
Workers 
Exposure was not well 
defined 
14 Fullick et al 2009 Relationships between 
leisure-time energy 
expenditure and 
individual coping strategies 
for shift-work 
Exposure was not well 
defined 
15 Mohammad et al 
 
2012 Relationship between shift 
work and obesity; a 
retrospective cohort study 
Exposure was not well 
defined 
16 Gu et al 2012 Long Work Hours and 
Adiposity Among Police 
Officers in a US 
Northeast City 
Exposure was not well 
defined 
17 Kim  et al  2013 Association between shift 
work and obesity among 
female nurses: Korean 
Nurses’ Survey 
Exposure was not well 
defined 
18 Lennernäs et al 1993 Nutrition and shift work: the 
use of meal classification as a 
new tool for 
qualitative/quantitative 
evaluation of dietary intake in 
shift workers 
Exposure was not well 
defined 
19 Lennernäs et al 1995 Shift Related Dietary Intake 
in Day and Shift Workers 
Exposure was not well 
defined 
20 Lowden     et al  2010 Eating and shift work effects 
on habits, metabolism, and 
performance 
Exposure was not well 
defined 
21 Macagnan et al 2012 Impact of Nightshift Work on 
Overweight and Abdominal 
Obesity Among Workers of a 
Poultry Processing Plant in 
Southern Brazil 
Exposure was not well 
defined 
22 McCann et al 1990 Changes in Plasma Lipids 
and Dietary Intake 
Accompanying Shifts in 
Perceived Workload and 
Stress 
Exposure was not well 
defined 
23 Manenschijn et al 2011 Shift Work at Young Age Is 
Associated with Elevated 
Long-Term Cortisol Levels 
and Body Mass Index 
Exposure was not well 
defined 
24 Marqueze et al 2012 Irregular working times and 
metabolic disorders among 
truck drivers: a review 
Exposure was not well 
defined 
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25 Marqueze et al 2012 Weight gain in relation to 
night work among nurses 
Exposure was not well 
defined 
26 Morgan et al 2011 Efficacy of a workplace-
based weight loss program 
for overweight male shift 
workers: The Workplace 
POWER (Preventing Obesity 
Without Eating like a Rabbit) 
randomized controlled trial 
Exposure was not well 
defined 
27 Morikawa et al 2008 Evaluation of the effects of 
shift work on nutrient intake: 
a cross-sectional study 
Exposure was not well 
defined 
28 Nakamura et al 1997 Shift work and risk factors 
for coronary heart disease in 
Japanese blue-collar workers: 
Serum lipids and 
anthropometric characteristics 
Exposure was not well 
defined 
29 Nakamura et al 1998 Increases in body mass index 
and waist circumference as 
outcomes of working 
overtime 
Exposure was not well 
defined 
30 Pasqua et al 2004 The nutritional status and 
eating habits of shift workers: 
a chronobiological approach 
Exposure was not well 
defined 
31 Virginia et al 2011 Poor Diet in Shift Workers: A 
New Occupational Health 
Hazard 
Exposure was not well 
defined 
32 Raulio et al 2007 Can working conditions 
explain differences in eating 
patterns during working 
hours? 
Exposure was not well 
defined 
33 Sudo et al 2001 Nutrient intake among female 
shift workers in a computer 
factory in Japan 
Exposure was not well 
defined 
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Appendix 5: Assessment of risk of bias 
 
 
 
 
Domain Higher/lower/ 
medium/  
unclear 
Quote from study 
Exposure  
32 participants changed their 
work from day time job to shift 
work. 
Higher risk Participants who changed their work from 
stable day work to shift work are grouped 
according to their working schedule.  
However, their time for change in schedule 
was not specified. 
Outcome  
Change in energy intake.
 
Medium risk Self- administered food frequency 
questionnaire was used for dietary 
assessment. FFQs have a higher reliability 
and validity for energy intake. On the other 
hand, there is also a chance of recall bias in 
FFQs. 
Confounders 
Age, gender, education level,    
job strain, occupation and SES 
were considered as 
confounders. 
Higher risk The included study did not include all pre-
defined confounders like SES and 
occupation. 
